ABSTRACT
Introduction
Unit commitment is to determine the commitment and generation levels of generating units over a period of time to minimize the total operation cost [1] . In solving the unit commitment problem, generally two basic decisions are involved, namely, the "unit commitment" decision and the "economic dispatch" decision. The "unit commitment" decision involves the determination of the generating units to be running during each hour of the planning horizon, considering the system capacity requirements, including the system constraints. The "economic dispatch" decision involves the allocation of the system demand and spinning reserve capacity among the operating units during each specific hour of operation. The unit commitment problem has commonly been formulated as a non-linear, large scale, mixed-integer combinatorial optimization problem with constraints. Research endeavours, therefore, have been focused on efficient, near-optimal solutions. A survey of literature on unit commitment methods reveals that various numerical optimization techniques have been employed to address the unit commitment problems.
An interior-point/cutting-plane method for non differentiable optimization is used to solve unit commitment problem [2] . This method has two advantages of subgradient and bundle methods that have better convergence characteristics and does not suffer from the parameter-tunning drawback. A parallel repair genetic algorithm has been proposed to solve unit commitment problem [3] . This algorithm provides a modeling framework less restrictive than previous approaches such as dynamic programming or lagrangian relaxation.
A new cooperative coevolutionary algorithm has been described for unit commitment problem which combines the basic ideas of LR and GA to form a novel two-level approach [4] . A successive sub problem solving method is developed and applied to solve the unit commitment problems with identical units [5] . The commitments of the identical units can be differentiated and the homogenous oscillations are avoided. The unit commitment problem has been solved with dual variable constraints [6] .
An evolutionary programming based Tabu search has been applied to solve unit commitment problem [7] . The security constrained unit commitment problem is decomposed into two coordinated problems, based on benders decomposition, which include a master problem for optimizing UC and a sub problem for minimizing network violations [8] . The price-based unit commitment problem has been solved based on mixed integer programming [9] .
The fuzzy logic based UC scheduling using absolutely stochastic simulated annealing have been proposed in which they introduce the sign bit vector to reduce eco-nomic load dispatch calculations [10] . An ant colony system approach for unit commitment problem has been proposed [11] . The algorithm implements the movement of ants in the search space and also discusses the accuracy of the solution with respect to the solution time.
The mixed-integer linear formulation for the unit commitment of thermal units have been applied to solve this problem, this method requires fewer binary variables and constraints than previously reported models, yielding a significant computational saving [12] . The unit commitment problem has been solved by Simulated Annealing and they maintained spinning reserve capacity, resulting in near-optimal UC solutions [13] .
A Tabu search based hybrid optimization approach for a fuzzy modeled unit commitment problem has been proposed [14] . A unit commitment problem with probabilistic spinning reserve and interruptible load has been formulated [15] . Recently Bacterial foraging technique has been applied to solve unit commitment problem [16] .
The artificial intelligence approaches Genetic Algorithm (GA), Evolutionary Programming (EP), Simulated Annealing (SA), Tabu Search (TS) and Expert Systems (ES) have been proposed to solve the UC problem and these methods require high computational time for large scale systems. This article presents a composite cost function based solution algorithm for solving unit commitment problem and it directly gives the units to be committed and the economic dispatch of the committed units while satisfying the equality and inequality constraints. 
Problem Formulation

Unit Commitment Problem
Suppose there are N thermal units and the time horizon is T. The unit commitment problem is to determine the commitment and generation levels of all units over the period T so that the total generation cost is minimized. It is formulated as a mixed-integer optimization problem
Subject to the following constraints.
Constraints
System Power Balance Constraint
The generated power from all the committed units must satisfy the load demand, which is defined as
Generation Limit Constraints
Each unit has a valid generation range, which is represented as min max , 1,2,...
Spinning Reserve Constraints
The total amount of power available at each hour must be greater than the load demanded. The reserve power available, denoted by PR t , is used when a unit fails or an unexpected increase in load occurs.
Initial Status Constraints
At the beginning of the schedule, the unit initial status must be taken into account.
Minimum Up and Down Time Constraints
Once a unit is committed/decommitted, there is a predefined minimum time after which it can be decommitted/ committed again.
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Ramp Level
From the beginning to end of the schedule the ramp level that is the output of the unit is maintained with in prescribed limits.
Composite Cost Function
The composite cost coefficients are derived as follows.
The total fuel cost of the 'N' unit system can be written as 1 2 3 .......
For most economical generation,
where,  is the incremental production cost of the plant in MW. The total generation of the plant can be written as, 1 2 3 .... .......
by comparing (9) & (10)
The fuel cost can be rewritten as 
Description of CCF Based Unit Commitment and Economic Dispatch
The detailed computational flow of the proposed methodology is presented as a flow chart in Figure 1 and the algorithmic steps of CCF based solution for unit commitment problem are presented as follows.
Step 1: Read the unit characteristics, cost coefficients and load.
Step 2: Generate the possible binary combinations using 2 n , where n is the number of generating units. Step 3: Choose the possible combinations to satisfy the power demand and spinning reserve constraints for first hour.
Step 4: Compute CCF coefficients and λ for each combination.
Step 5: Evaluate the generation of units for each combination.
Step 6: Compute the total operating cost for each combination.
Step 7: Choose a combination with minimum total operating cost.
Step 8: If it is last hour go to step 9 else increase the hour and go to step 3.
Step 9: Print the unit commitment schedule and dispatches.
Results and Discussion
The proposed technique has been implemented in MATLAB on a 2.10 GHz core 2 Duo processor PC. The performance of the algorithm has been evaluated through simulation. Simulation studies have been carried out on four-generator [11] , seven-generator [14] and ten-generator [11] sample systems. Before proceeding to the dispatch of demand to generators, careful selection of units is important. In the proposed method first generate the possible binary combinations using 2 n , where n is the number of generating units. For the four unit system, the possible binary combinations are 0000 to 1111. The first combination is not necessary because all the units are off. The maximum generation value is substituted in the combinations where the unit was on and the total generation of the each combination is obtained.
The first hour load demand is 410 MW. The possible binary combinations are five, such as 0110, 0111, 1011, 1110, 1111 having generations of 630, 610, 690, 440, 550 MW. For each combination CCF coefficients for committed units, lambda, power generation and total operating cost are obtained. Then the combination 1111 is chosen for first hour because its operating cost is low (Rs.862/-). Hence for the first hour the unit combination is 1111 and the economic schedule for the committed unit is P1 = 72 MW, P2 = 138 MW, P3 = 140 MW and P4 = 60 MW. In case if there is any violation of power limit, the power is fixed at its maximum limit or minimum limit. Then the CCF coefficients, lambda, power generation and total operating cost are obtained. The same procedure is continued for next hour.
IEEE 4-Unit Test System
The proposed approach has been tested on a sample system consisting of four generating units. Table 1 
IEEE 7-Unit Test System
The proposed approach has been tested on a sample system the optimum generation schedule for various system de consisting of seven generating units. Table 4 summarizes the committed units, operating cost and start up cost. The committed units show that it is necessary to add the start up cost at Hour 10 and Hour 24. Table 5 gives mands. The results do not show any violation of reserve and power demand constraints. In this article [14] there is no shutdown cost and ramp level for any generating units. The proposed method is compared with Tabu Search (TS) and the comparison is shown in Table 6 . It is clear from the comparison, that the proposed approach gives the better optimum solution for all load demands when compared to the other method reported in Reference [14] .
IEEE 10-Unit Test System
The proposed approach has been tested on a sample system consisting of ten generating units. Table 7 summarizes the committed units, operating cost and start up cost. The committed units shows that it is necessary to add startup cost Hour 4 and shutdown cost at Hour 1, Hour 20 and Hour 24. Table 8 gives the optimum generation schedule for various system demands. The ramp level should be maintained for entire 24 hour. The results do not show any violation of reserve and power demand constraints. The proposed method in comparison with Dynamic Programming (DP), Branch and bound and Ant colony system as shown in the Table 9 . It is clear from the comparison, that the proposed approach gives the better optimum solution for all load demands when compared to the other methods reported in Reference [11] . The data are obtained for four generator [11] , sevengenerator [14] and ten-generator [11] as reported in references. From the results, it was clear that the proposed approach provides solution with close agreement with conventional method. The composite cost function-based solution method has the following distinctive features.
1) The conventional methods gives the committed units and total production cost only but the proposed method gives the committed units, cost and economic schedule for committed units.
2) The proposed approach directly express the optimum generation of each unit using CCF coefficients. Hence the computation time for unit commitment and economic schedule becomes an easy task.
3) The iterative steps are completely eliminated. 
Conclusions
An effective, robust unit commitment solution is a necessary contribution to the operating on/off plans of the generating units. In this paper, a new composite cost function based solution algorithm for solving the unit commitment problem is presented. The proposed algorithm uses the composite cost coefficients to select the committed units and give the economic schedule for each specific hour. This new algorithm produces better results than the Branch and bound, Dynamic programming, Ant colony, and Tabu search methods in addition to satisfaction of the system constraints. The proposed algorithm is most suitable for system having smaller number of units.
From the results, it is clear that the proposed method provides the quality solution with low cost and has a potential for on-line implementation.
